Objectives: To examine children's wait time to access a multidisciplinary, tertiary-level weight management clinic and assess anthropometric changes from time of referral to baseline assessment. Method: A retrospective medical record review was completed of children (5 to 17 years) enrolled in a multidisciplinary, tertiary-level paediatric weight management clinic from 2006 to 2015. Children's demographic and anthropometric data from their referral to and baseline assessment at the clinic were retrieved from medical records. Based on changes in body mass index (BMI) z-score from the time of referral to baseline assessment, children were categorized as decreasers (>0.05 unit decrease), increasers (>0.05 unit increase) or stabilizers (−0.05 to 0.05 unit change). The proportion of children with a ≥0.25 unit BMI z-score reduction was calculated. Analysis of variance and chi-squared tests were performed. Results: Children (n=400) were 11.7 ± 2.9 years old at the time of referral, 52.8% (n=211) female, and had an average wait time of 4.5 ± 3.9 months. By 3 and 6 months postreferral, 44.0% (n=176) and 80.8% (n=323), respectively, had attended baseline assessments. Based on BMI z-score change, children were classified as decreasers (n=183; 45.8%), increasers (n=118; 29.5%) or stabilizers (n=99; 24.8%). One-fifth of children (n=86; 21.5%) experienced a BMI z-score reduction ≥0.25 units, a subgroup that was younger, had a higher BMI z-score at referral, and had a longer wait time between referral and baseline assessment (all P<0.05). Conclusions: Most children who enrolled in paediatric weight management initiated treatment within six months and experienced a modest decrease or stabilization in BMI z-score during their wait time.
Given the high prevalence of paediatric obesity (1) and the increasing number of children who satisfy criteria for severe obesity (2) , there is a need for accessible, effective health services for paediatric weight management. Since the 1980s, clinical and research attention has focused primarily on evaluating interventions for managing obesity; multidisciplinary, lifestyle-based approaches tend to be most effective (3) . Although treatment outcomes from most paediatric weight management interventions are modest (4) , improvements in weight status are more likely among younger children with a lower degree of obesity (5, 6) , findings that support offering care sooner than later. Not all families enrolled in weight management following their referral (7) , but screening children's weights in a systematic manner during well-child visits can help to identify eligible children who have the potential to benefit from weight management.
For children who are referred for and enrolled in multidisciplinary weight management, there are good reasons to minimize the time between their initial referral and clinical presentation. First, for families and referring clinicians, it is a form of good customer service and reflects a high level of professionalism and respect. Second, among those waiting for specialized health services (e.g., chronic pain intervention, cardiac rehabilitation), delayed access to care can lead to deteriorations in physical health, quality of life and psychological well-being (8) . Third, delays in access to care can lead to a worsening of patients' existing conditions that become increasingly chronic and debilitating over time (9) . Because cardiometabolic risk factors are present in many children with obesity (10), a shorter wait time can result in more timely screening, diagnosis and management.
Reducing wait times is a priority in health care (11) , which has raised awareness and catalyzed improved access to care (12) . In the field of obesity, studies have documented long wait times and limited access for adults referred for bariatric surgery (13) . With respect to paediatric bariatric surgery, the Paediatric Canadian Access Targets for Surgery established two wait time targets: 3 months (the time between when children are referred to the specialist and the time they are seen by the specialist) and 6 months (the time between the date on which a decision is made to proceed with surgery and the surgery date) (14) . While there is potential value in these targets, their impact is modest since access to paediatric bariatric surgery is very limited in Canada (15) . Presently, little is known regarding wait times for nonsurgical health services for managing paediatric obesity, services that represent the vast majority of therapeutic options for Canadian children with obesity (16) . The objectives of our study were to examine (i) wait times between children's referral to and baseline assessment at a multidisciplinary, tertiary-level weight management clinic and (ii) changes in children's anthropometry over this waiting period.
METHODS

Study design and participants
In spring 2016, we completed a retrospective medical record review of children referred between January 2006 to January 2016 to a multidisciplinary, tertiary-level paediatric weight management clinic (Pediatric Centre for Weight and Health [PCWH] ; Stollery Children's Hospital, Alberta Health Services, Edmonton, Alberta, Canada). Prior to data collection, our study was approved by the Human Research Ethics Board at the University of Alberta and was granted organizational approval by Alberta Health Services. Children were referred to the clinic by either a physician or nurse practitioner and were eligible for care if they were 2 to 17 years old and had a body mass index (BMI; kg/m 2 ) ≥85th percentile (17) . Once referrals were received, children and their families were contacted by telephone and invited to attend a group-based orientation session that was designed to inform families about the clinical services and build rapport between families and clinic team members. Following the orientation session, families attended the PCWH for a baseline assessment that represented their initial step in obesity management. For the current study, we included boys and girls if they (i) were 5 to 17 years old, (ii) had a BMI ≥85th percentile at the time of referral, and (iii) attended an initial baseline assessment at the PCWH. We excluded children if they were (i) <5 years of age at the time of referral or (ii) missing any of the required data (e.g., date of referral, anthropometry) from their medical records.
Outcome measures
Primary outcome variables included (i) wait times between children's referral to and baseline assessment at the weight management clinic and (ii) changes in children's anthropometry between the time of referral and baseline assessment. As a secondary outcome, the proportion of children that achieved a ≥0.25 BMI z-score reduction from the time of referral to the baseline assessment was calculated, a decrease that corresponds to improved cardiometabolic risk factors (e.g., insulin resistance, blood pressure) in children with obesity (18, 19) .
Wait times were determined by calculating the period of time (in months) between the time of referral and the baseline assessment at the clinic. Children's data were retrieved from their medical records and an administrative database managed by the PCWH data analyst (CP). Referral data were retrieved from standardized 1-page forms, which included fields for referring clinicians to record demographic and anthropometric information. Baseline data, including demographic and anthropometric information were collected from children and families by PCWH clinicians and used to inform weight management. Height was measured (without shoes) to the nearest 0.1 cm using a wall-mounted electronic stadiometer (Seca 242; Hanover, MD, USA) and weight was measured (wearing light clothing) to the nearest 0.1 kg using an electronic medical scale (Seca 644). BMI, BMI z-score, and age-and sex-specific BMI percentiles were calculated using the World Health Organization Growth Reference 2007. Change in BMI z-score was calculated by subtracting BMI z-score at the time of referral from the value at the time of clinic presentation. Postal code data were used to determine whether or not children resided in the Edmonton Census Metropolitan Area (ECMA), allowing us to categorize participants as living within or beyond our local urban setting (population: ~1,000,000). Children were also grouped according to age with those less than 13 years old classified as younger children and their peers ≥13 years of age grouped as older children. An audit of 20% of all potentially eligible children (n=152/758 participants) was conducted to optimize data accuracy.
Data analysis
Independent samples t tests (continuous data) and chi-square analyses (categorical data) were used to compare differences in demographic and anthropometric variables for children (i) who did versus did not satisfy our study inclusion criteria and (ii) who met inclusion criteria at the time of referral and baseline assessment. Paired t tests were used to analyze the changes in children's BMI z-scores between the time of referral and baseline assessment. Based on their BMI z-score change during the wait time, children were classified as decreasers (>0.05 unit reduction), increasers (>0.05 unit increase) or stabilizers (between a 0.05 unit reduction and a 0.05 unit increase). One-way analysis of variance was used to analyze differences across the three categories, with Tukey adjustments for post hoc analysis. We also calculated the proportion of children who had a ≥0.25 BMI z-score unit decrease during the wait time. SPSS v23.0 (IBM Corporation, USA) was used for data analyses; P values less than 0.05 were considered statistically significant.
RESULTS
A total of 758 individual children were assessed for eligibility, of which 400 were included in our analysis (Figure 1 ). The most common reason for exclusion was absence of a referral date on the referral forms included in our medical records, which accounted for 77.7% (n=278/358) of all excluded children. When we compared groups of children who were included (n=400) versus excluded (n=278 to 358; sample sizes varied depending on the individual missing variables), we found no differences based on sex, geography (within versus beyond ECMA), age, age groups (<13 versus ≥13 years old), height, weight or BMI (all P>0.05).
Children (n=400) included in our analyses were 11.7 ± 2.9 years old and had a BMI z-score of 3.5 ± 1.2 at the time of referral; 52.8% (n=211) were female and most lived in the ECMA (n=356; 89.0%). The average wait time from referral to clinical presentation was 4.5 ± 3.9 months (range: 0.4 to 26.3 months). By 3 and 6 months postreferral, 44.0% (n=176) and 80.8% (n=323), respectively, of our sample had attended their baseline assessments ( Figure 2) . As a group, children's BMI z-scores decreased from the time of referral to baseline assessment in clinic (3.5 ± 1.2 versus 3.4 ± 1.2; P<0.001; Table 1 ). In our subgroup analyses, children's BMI z-score at referral and change over time differed by sex and age group; males (versus females) presented with higher BMI z-scores at referral (3.8 ± 1.5 versus 3.2 ± 0.9, P<0.001) as did younger (versus older) children (3.6 ± 1. When we grouped children according to their change in BMI z-score over time, 183 (45.8%), 118 (29.5%) and 99 (24.8%) children were classified as decreasers, increasers or stabilizers, respectively. Children's change in BMI z-score (mean ± standard deviation; range) was −0.3 ± 0.4; −0.06 to −2.6 (decreasers), 0.3 ± 0.2; 0.06 to 1.1 (increasers) and 0.0 ± 0.03; −0.05 to 0.5 (stabilizers). Compared to children classified as increasers, decreasers tended to be younger at referral (12.1 ± 3.1 versus 11.3 ± 2.8 years old; P=0.04). Further, children classified as stabilizers had shorter wait times (3.4 ± 2.2 months) than decreasers (4.9 ± 4.5 months) and increasers (4.8 ± 3.8 months; P=0.004) ( Table 2 ). The proportion of children that achieved a BMI z-score reduction of ≥0.25 units (n=86; 21.5%) differed by demographic (i.e., age group and age at referral), anthropometric (i.e., BMI at referral) and wait time data (Table 3) .
Discussion
Our study revealed several insights regarding wait times and the anthropometric changes that occurred between the time children with obesity were referred for tertiary-level, multidisciplinary care and the time they attended their baseline assessment in clinic. First, on average, children experienced a 4-to 5-month wait time and ~80% of children attended their baseline assessments within 6 months postreferral. Second, the majority of children either maintained or had a modest reduction in their BMI z-score over the two time points; approximately one-fifth of our sample experienced a clinically-meaningful reduction in their BMI z-score. Notably, this subgroup tended to be younger, a finding consistent with previous studies (5, 6) . Together, our findings are among the first to describe weight changes and wait times between referral and presentation to paediatric weight management in the absence of interim interventions, data that have relevance to a number of clinical and academic issues in paediatric weight management.
Paediatricians in primary care are encouraged to monitor children's weight status on a regular basis to help to prevent and manage paediatric obesity (20) . For example, the Canadian Task Force on Preventive Health Care recommends that growth monitoring should be completed at all primary care visits. Children classified as overweight or obese should be referred to lifestyle and behavioural interventions for paediatric weight management, if available locally (20) . Despite these recommendations, only about half of paediatricians measure and plot children's weight status on a routine basis (21, 22) . Parents believe that paediatricians have a role to play in screening for unhealthy weight gain and discussing preventative or therapeutic strategies (23) , but many lack the training and self-efficacy to discuss obesity and weight management with families (24) . Time constraints, an absence of educational tools and resources and a lack of perceived success in treating paediatric obesity have been identified by paediatricians as barriers to providing effective support for children and their families (25) . Clinicians have also declined to refer children for obesity management if they perceive that families would not be interested in or be a good fit for an intervention (26) .
As a counterpoint to these potential barriers and concerns, our data suggested that growth monitoring and referring children with obesity for multidisciplinary, tertiary-level weight management can be followed by a stabilization or a modest reduction in children's BMI z-score, and some children can experience a decreased BMI z-score of a magnitude known to improve cardiometabolic risk factors (17, 18) . While intensive, multidisciplinary, family-centered interventions that focus on helping children and their families improve nutrition and physical activity habits are associated with modest improvements in weight status among children with obesity (4), lower intensity strategies have shown positive effects as well. For instance, the 5As of Obesity Management, a clinical tool designed to promote constructive physician-patient dialogue, assessments related to obesity and follow-up care, led to improvements in the initiation of obesity management among adults in primary care (27) . Further, in a sample of more than 5000 adults enrolled in the National Health and Nutritional Examination Survey (2005 to Table 1 . Anthropometric characteristics of children (n=400) referred for obesity management at the time of referral and baseline assessment in clinic (data presented as mean ± standard deviation unless otherwise specified) 2008), individuals were more likely to report a clinically-meaningful improvement in their weight status (5% weight loss) if their physician told them that they were overweight (28). These observations help to justify the act of screening and referring children with obesity, and may encourage a greater proportion of paediatricians to adopt systematic growth monitoring in their practices. When done in a sensitive, non-judgemental manner, monitoring and referring can be viewed as a low intensity, low cost, low risk, paediatrician-led intervention that can have a positive impact (at least in the short-term) on the weight and health of many children with obesity. Our study was not without limitations. First, we relied on referral data that included the measurement of anthropometric data that were collected by referring clinicians and staff from numerous clinics. Over the years, our clinic has received referrals from hundreds of physicians practicing across central and northern Alberta (29), so it is likely that the rigour with which anthropometric data were collected beyond our clinic was suboptimal. That said, the collection of reliable and accurate anthropometric data from children across a number of clinical settings appears to be adequate for research purposes (30, 31) . Second, since our study includes one site and was retrospective, a sizeable proportion of children assessed for eligibility were excluded (n=358), largely due to missing referral data. Therefore, our sample may differ slightly to the population under study. Last, our analyses, at least in part, may have been influenced by regression to the mean (32) . This issue was discussed recently using examples of both interventional and observational research in paediatric obesity (33) . With this in mind, it is not entirely unexpected for the group of children that had a >=0.25 decrease in BMI z-score to have a higher BMI z-score at the time of referral. This finding reinforces our need to temper our findings insofar as there may be other explanations of our results that cannot be ruled out. In summary, we found that most children referred for multidisciplinary, tertiary-level weight management attended their baseline assessments within 6 months of their referral. On average, children's BMI z-score decreased slightly over this period. While many children had either a stable or slightly reduced BMI z-score, some children achieved a clinically-meaningful reduction in their weight status. This finding, which suggests a potential link between the inherent value of referring children to paediatric weight management and weight stabilization reinforce the role that paediatricians can play in monitoring and referring children with obesity for paediatric weight management. In alignment with recent reports (34), future research is needed to improve paediatricians' adherence to practice guidelines that recommend routine growth monitoring of children and reinforce the potential value of referring children to specialized paediatric weight management services if they meet eligibility criteria.
